OBJECTIVE: The missense mutation (64Trp to 64Arg) in the b 3 -adrenergic-receptor has previously been described to confer a genetic predisposition to the development of obesity. DESIGN: To test the hypothesis we evaluated allele frequencies in children, adolescents and young adults who belonged to different weight groups that were delineated with percentiles for the body mass index (BMI; kg/m 2 ). SUBJECTS: 99 underweight probands (BMI 15th percentile). 80 normal weight probands (BMI: 5th±85th percentile). 238 obese children and adolescents (BMI ! 97th percentile). 84 patients with anorexia nervosa (AN). MEASUREMENTS: The cohorts were screened by polymerase chain reaction with subsequent restriction fragment length polymorphism (PCR-RFLP) analysis. Data were statistically analysed for association. In addition to these case control studies, the transmission disequilibrium test (TDT) was applied to 80 families of obese probands and to 52 families of patients with AN. RESULTS: Both the tests for association and linkage were negative. The Trp64Arg allele frequencies in the three weight groups (obesity: 0.071; normal weight: 0.081; underweight: 0.056) and the AN patients (0.054) were similar. Extremely obese individuals showed no excess of the Trp64Arg allele. No homozygotes for the Trp64Arg allele were detected. CONCLUSION: Heterozygosity for the Trp64Arg allele is not of major importance in regulation of body weight in individuals younger than 35 y. Additionally, the extreme obese subgroup is not enriched for the polymorphism.
Introduction
Binding of catecholamines to b-adrenergic-receptors (b 1 , b 2 and b 3 ) activates hormone-sensitive lipase, the key enzyme of lipolysis, through cAMP dependent phosphorylation. 1 This response is predominantly mediated by b 3 -adrenoceptors in rodents, 2 while in humans 3±5 and primates 6 adipocytes are poorly responsive to selective b 3 -agonists. In humans the b 3 -adrenoceptor is primarily expressed in visceral fat. 7, 8 Recently, a missense mutation was identi®ed in the b 3 -adrenergic-receptor that results in the replacement of a tryptophane residue by arginine (Trp64Arg) in the ®rst intracellular loop of the receptor. 9 Cle Âment and coworkers 10 found the frequency of the Trp64Arg allele to be similar in 185 morbidly obese patients (mean BMI: 47 AE 7; mean age: 47 AE 12 y) and 94 normal subjects (mean BMI: 25 AE 5; mean age: 59 AE 11 y). However, the 14 heterozygous patients with morbid obesity had a higher mean weight than the 171 patients without the mutation, suggesting that the Trp64Arg allele predisposes to extreme weight gain.
Heterozygosity for the Trp64Arg allele has been reported to be associated with an increased risk for the development of abdominal obesity, 11 ,12 a higher BMI, 13 a lower adjusted metabolic rate, 9,12±14 higher diastolic blood pressure, 11, 13 a longer reproductive life 13 and a greater increase in the serum insulin response after oral administration of glucose. 11, 15 Some of these phenotypical effects were reported to occur predominantly in heterozygous women. that the BMI was higher in homozyotes for the Trp64Arg allele than in homozygotes for the normal allele. These investigators also reported an increased frequency of the mutant allele in obese subjects (BMI ! 26.4). In summary, these data support an association of the Trp64Arg allele with obesity in adults. Apparently heterozygotes are predisposed to a more extreme form of obesity.
None of the aforementioned studies have assessed allele frequencies in obese children and adolescents, who frequently remain obese in adulthood. 16 Followup data on extremely obese adolescents are rare. It can be speculated that a considerable proportion will be morbidly obese during adulthood.
We have previously hypothesized that in genetic terms AN might be considered as an extreme form of underweight. 17 This eating disorder is characterized by a speci®c psychopathology and is thus a priori unlikely to be related to the genetic variation of the b 3 -adrenoceptor gene. Nevertheless, it appears interesting to include this disorder in molecular genetic studies pertaining to weight regulation.
To evaluate the role of the Trp64Arg allele in these phenotypes, we determined and compared allele frequencies in study cohorts of (a) extremely obese children and adolescents, (b) obese children and adolescents, (c) normal weight children, (d) young adults with underweight, and (e) patients with AN. Parents of a subgroup of obese probands and of anorectic patients, respectively, were genotyped as well, to allow application of the TDT. 18 The test is based on the unequal probability of transmission of two different marker alleles from parents to affected offspring, when the marker locus and the hypothetical disease locus are linked and are in linkage disequilibrium. The test will have a good power when linkage disequilibrium is strong and if the disease is recessive.
We additionally investigated whether leptin serum levels are in¯uenced by the Trp64Arg allele in the 99 underweight probands in whom leptin was measured with a radioimmunoassay (RIA). 19 Activation of b 3 -adrenoceptors suppresses leptin expression and mediates a leptin-independent inhibition of food intake in mice. 20 In rats the receptor inhibits insulin stimulated leptin secretion from rat adipocytes. 21 We hypothesized that leptin synthesis is quantitatively altered as a functional consequence of the Trp64Arg allele.
Methods

Study cohorts
The cohorts are brie¯y described in Table 1 . Extremely obese children and adolescents with BMIs mostly in excess of the 99th BMI percentile were ascertained at the Children's Hospital in Hochried, that specializes in the inpatient treatment of extremely obese young individuals. A second cohort of less severely obese children was ascertained in Trier and Kaufbeuren by school physicians, pediatricians and via advertisements in newspapers (Obesity cohort II). They were reimbursed for their voluntary participation. Normal weight children with BMIs in the rage of the 5th±85th percentile were ascertained in Trier and Kaufbeuren as described above. The underweight individuals were students of the University of Marburg who were also reimbursed for their voluntary participation. Inclusion criteria were (a) BMI 15th percentile, (b) absence of somatic disorders, and (c) consumption 10 cigarettes per day. Patients with AN were ascertained in the Departments of Child and Adolescent Psychiatry of the Universities of Cologne, Frankfurt, Mannheim and Marburg and the Department of Internal Medicine of the University of Heidelberg. The BMI percentiles are based on a representative sample of the German population (n 22 735). The total sample and the graphic illustration of the smoothed percentiles have previously been described. 22, 23 Patients with AN ful®lled the DSM-IV criteria. 24 Both parents of 80 unrelated obese index probands and of 52 unrelated patients with AN were also blood sampled for isolation of DNA. The investigation was approved by the ethics committees of the Universities of Marburg and Trier. Written informed consent was obtained from all participants or in case of minors their parents. 
DNA-isolation
EDTA anticoagulated venous blood samples were collected from the above mentioned individuals. Leukocyte DNA was isolated by the salting out procedure according to a modi®ed protocol of Miller et al.
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PCR-RFLP
PCR was performed with primers¯anking the Trp64Arg mutation as described by Cle Âment et al.
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Brie¯y, the PCR reaction mix of 50 ml contained: 100 ng DNA, 25 pmol of each primer (for sequence see Cle Âment et al), 10 200 mM each of dNTPs, 1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris-HCl (pH 9.0), 0.1% Triton X-100, 0.2 mg/ml bovine serum albumin and one unit Taq DNA Polymerase (Promega, Heidelberg, Germany). Samples were processed in a GeneAmp PCR System 9600 (Perkin Elmer, Weiterstadt, Germany). After initial 4 min denaturation at 95 C, 5 cycles were carried out consisting of 60 s at 95 C, 40 s at 68 C and 30 s at 72 C, followed by 30 cycles of 30 s at 95 C, 30 s at 69 C and 30 s at 72 C; a ®nal extension step of 5 min at 72 C was added. The ampli®cation products were visualized on agarose gels (2.5%) with ethidium bromide. The restriction digest was performed with BstNI (New England Biolabs, Schwalbach, Germany) in a total volume of 30 ml at 60 C for 2 h. Digests were visualized on 3% ethidium bromide stained agarose gels. Analysis of the fragments were performed as described. 10 
Automated sequencing of PCR products
To determine if the PCR-RFLP correctly detected the alleles, automated sequencing of PCR products was performed in some cases. PCR was carried out with PCR-RFLP primers with M13 extension (underlined) at the 5 H end (B3AM13-F: 5 H GTA AAA CGA CGG CCA GTC CAG TGG GCT GCC AGG GG 3 H and B3AM13-R: 5 H CAG GAA ACA GCT ATG ACG CCA GTG GCG CCC AAC GG 3 H ) as described above, yielding a 324 bp fragment. PCR products were gel puri®ed by QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer. Only the extensions M13-F and -R (underlined sequences of B3AM13-F and -R) were used as sequencing primers at 3.2 pmol per reaction. The sequencing reaction was performed with¯uorescently labelled didesoxyterminators using the PRISM Ready Reaction Kit (Applied Biosystems/Perkin Elmer, Weiterstadt, Germany) as recommended by the manufacturer (3±6 ml gel extracted DNA solution, 8 ml terminator premix; 1 ml sequencing primer). Cycle sequencing was performed in a GeneAmp PCR System 9600. After initial 3 min denaturation at 96 C, 30 cycles were carried out with 10 s at 96 C, 5 s at 55 C and 4 min at 60 C. Puri®cation by ethanol precipitation and application of the cycle sequencing reactions to the sequencing gel (48 cm; 5% acryl-
boric acid, 2.5 mM EDTA)) were performed according to the manufacturer (Applied Biosystems/ Perkin Elmer, Weiterstadt, Germany). The samples were run on an ABI 373 DNA-Sequencer (Applied Biosystems/Perkin Elmer, Weiterstadt, Germany) for 18 h at 38 W.
RIA
The RIA used for determination of serum leptin levels has been described in detail elsewhere. 19 Leptin was only measured in the 99 underweight subjects.
Statistical analysis
To check for differences of allele frequencies in the different cohorts Fisher's exact test was used. The TDT 18 was applied to 80 trios consisting of an obese proband and his parents, to check for linkage and linkage disequilibrium. The test was also applied to 52 trios containing patients with AN and their parents. To test the hypothesis that the Trp64Arg allele occurs more frequently in the extremely obese probands, the probands were classi®ed into two groups. The ®rst group consisted of all obese individuals with a gender and age speci®c BMI value that is equal or greater than the 100th percentile as determined in a representative sample of the German population. 26 The second group included all other obese probands. Then a regression model using this dichotomization as dependent variable was performed. Age, gender and genotype (heterozygosity of the Trp64Arg allele and homozygosity for the wild type allele) were used as independent variables. In order to account for a possible misspeci®cation of the model, the robust variance estimator 27 was used for calculation of standard errors.
Results
Figures 1a,b illustrate the relevant genotypes in the probands of the different cohorts in relationship to both BMI and BMI percentiles representative for the German population. The Trp64Arg allele is seemingly randomly distributed in every cohort. This is substantiated by the similar allele frequencies (Table 2a ). All cohorts were compared with all others (Table 2b) . No signi®cant differences between any of the groups were found. No individuals homozygous for the Trp64Arg allele were identi®ed. Gender dependent comparisons of the ratio of heterozygotes to homozygotes for the wild type allele did not reveal any differences within the obese, normal weight or underweight cohorts.
In order to determine the power of the study we calculated the difference in allelic frequency between obese and leans that would have been detected at the 95% signi®cance level with 80% certainty using Fish- The TDT was applied to 80 trios each formed by an obese proband and both parents. 20 parents were heterozygous, among these the Trp64Arg allele was transmitted 12 times, whereas the wild type allele was transmitted 8 times (P 0.37). Among the 12 heterozygous parents of 52 trios ascertained via the index proband with AN the Trp64Arg allele was transmitted 4 times (P 0.25). Hence, evidence for linkage of the Trp64Arg allele to obesity or to anorexia nervosa could not be found in the limited number of families in which both parents has been ascertained and genotyped. Table 3 shows that the obese (`100th BMI percentile) and extremely obese subgroups ( ! 100th BMI percentile) did not differ signi®cantly (P 0.97) with respect to genotype. The relative risk of extremely obese children to be enriched with the Trp64Arg allele was less than 1 compared to the less obese children. The only variable that predicted extreme obesity in our cohort was age. No signi®cant interaction between the explanatory variables was found.
Nine (seven males) of the 99 underweight individuals were heterozygous for the Trp64Arg allele. The mean leptin levels did not differ between the seven heterozygous males and the 49 males homozygous for the wild type allele (P 0.76) in this exploratory analysis based on a small number of probands.
Discussion
The present study allows assessment of genotypes in relationship to BMIs and BMI percentiles ( Figure  1a,b) . Our results do not support a role of the Trp64Arg allele in the etiology of early onset obesity or of AN. Probands with extreme obesity were no more likely to be heterozygous than less obese individuals or subjects of the other cohorts. Our cohort of extremely obese children and adolescents was speci®cally ascertained as an extreme group; the mean BMI of 31.6 kg/m 2 (obesity cohort I; Table 1 ) indicates that most of these young subjects ful®ll the adult weight criterion for obesity (BMI ! 30 kg/m 2 ). 28 The allele frequency is similar in the underweight students who were speci®cally ascertained as the opposite weight extreme. This suggests that heterozygosity for the Trp64Arg allele is not of major importance in regulation of body weight in individuals aged`35 y.
The allele frequencies determined in the different cohorts are somewhat lower than those reported previously, re¯ecting ethnic variability. The mutant allele frequency is highest in the obese Pima Indian population (0.31 9 ), followed by the Japanese population (0.15 15 or 0.23 12 ) and Caucasians (0.08 10 or 0.12 11 ). Due to the absence of homozygous individuals in all of our cohorts we are not able to analyse possible phenotypical effects of homozygosity.
Previously, Kadowaki et al 15 showed that adult obese individuals have higher frequencies of the Trp64Arg allele. There are at least three explanations for our different results. (i) Irrelevance of the Trp64Arg allele in early onset obesity. Indeed, signi®cant weight gain in Trp64Arg homozygous or heterozygous obese individuals has previously been shown to occur after age 20. 10 There is evidence to suggest that different genes are age-dependently involved in weight regulation. 29 (ii) Speci®c genotype environment interactions. Thus, the relevance of a speci®c genotype could differ depending on speci®c environmental conditions. (iii) Spurious false positive and negative results also need to be considered. Sample sizes need to be re¯ected upon critically. Hence, Kadowaki 30 and an earlier onset of NIDDM. 31 Similar to The two obese cohorts were pooled for this analysis. The two obese cohorts were pooled for this analysis.
b b 3 -Adrenergic-receptor and extreme adolescent obesity A Hinney et al Figure 1a ,b Percentile plots of a representative sample of the German population, whereby the phenotypes of the obese, normal weight and underweight probands and patients with anorexia nervosa were plotted into the percentile curves. who investigated the Trp64Arg allele frequencies in 40 non-obese and 43 obese subjects, also found no differences between heterozygotes and homozygotes for the wild type allele in BMI, body fat distribution fat cell size, fasting levels of insulin, glucose or lipids, blood pressure or adipocyte lipolysis in isolated white fat cells.
We were not able to replicate the ®nding of Cle Âment et al 10 according to which extremely obese individuals are more frequently heterozygous than less obese subjects. Again, the age difference and speci®c genotype environment interactions could explain this discrepancy aside from a spurious ®nding.
In our own exploratory studies based on a small sample size there was no evidence to suggest that heterozygous individuals have a markedly altered leptin synthesis, which could possibly be a functional consequence of the amino acid substitution in the b 3 -adrenoceptor. Clearly, further investigations are required to exclude a functional implication of the respective genotypes on leptin synthesis.
The limited total number of the trios with parents heterozygous for the Trp64Arg allele, that were available for the TDT entail insuf®cient power. Thus, due to the limited number of heterozygous parents, we cannot de®nitely conclude that there is no linkage and no linkage disequilibrium.
In order to characterize the pharmacological effects of the Trp64Arg amino acid substitution, Candelore et al 33 expressed the mutant human receptor in Chinese Hamster Ovary cells. They found the mutant receptor pharmacologically and functionally indistinguishable from the wild type b 3 -adrenergic receptor. As a consequence of previous results 30±32 and our own study, the relevance of the Trp64Arg allele for obesity awaits further clari®cation. Performance of the TDT in a suf®ciently large number of trios appears a promising approach. The two obese cohorts were pooled for this analysis.
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